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ABSTRACT 


This report summarizes results of work sponsored by JPL 
and other organizations to develop a unified control/structures 
modeling and design capability for large space structures. 

Recent analytical results are presented to demonstrate the 
significant interdependence between structural and control 
properties. A new design methodology is suggested in which the 
structure, material properties, dynamic model and control design 
are all optimized simultaneously. The development of a 
methodology for global design optimization is recommended as a 
long-term goal. It is suggested that this methodology should be 
incorporated into computer aided engineering programs, which 
eventually will be supplemented by an expert system to aid design 
optimization. Recommendations are also presented for near-term 
research activities at JPL. The key recommendation is to 
continue the development of integrated dynamic modeling/control 
design techniques, with special attention given to the 
development of structural models specially tailored to support 
design . 

The report is presented in vu-graph format. Each vu- 
graph is described in facing page text. 
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RECK' HT RESULTS: 

EFFECT OF DYNAMIC MODELING ON CONTROL OF LSS 
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RECENT RESULTS: 

EFFECT OF DYNAMIC MODELING 
ON CONTROL OF LSS 
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MODEL BASED ON WRAP-RIB ANTENNA DESIGN 

HUB RADIUS = 46 in. RIB LENGTH = 86 ft. 
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EFFECT OF DYNAMIC MODELING ON CONTROL OF LSS (Continued) 
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EFFECT OF DYNAMIC MODELING 
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RECENT RESULTS: 

EFFECTS OF STRUCTURAL PARAMETERS ON CONTROL 
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RECENT RESULTS: 

EFFECTS OF MATERIAL DAMPING ON CONTROL PERFORMANCE 
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NEEDS BALANCED REALIZATION OR OTHER SIMILAR TECHNIQUES 
TO SIMPLIFY THE MODEL 




p 




at 


• 



XJ 


Ol 

»• 



43 


a 


o> at o 



Ol 



at 

44 

u 


C XJ 05 



c 



C 43 • 

X 

£ 


•H 

0J rH 


at 

•H (0 


05 

(0 44 C 

at 

a 


rH 

at to 


r*. 

3 


44 

U Ol 

c 

M 


at 

c 



r> rH 


C 

O -n 




XJ 

X) 

o 


■H at 

14 

■H 

at 44 05 

at 

43 


o 

05 rH 

44 

c 

rH XJ 

o 

o 

i4 at 

43 

44 


E 

44 3 



o o 

<44 

Ol 

3 >,XJ 

44 

•rH 


at 

C 0 

05 


<44 B 


at 

44 10 


3 


at 43 

14 

XI 


at 

at 43 

U ) H 

•* 



14 

E 05 

at 

at 

at o 

44 

XJ 

3 O 

05 

05 

04 

3 

Ol 

43 

Ll 

43 44 

(0 

O rH 

u at u 

3 

14 

o 

44 

o .u 

o 

at 

44 

■H 

C rH 

44 43 44 

43 

0 


O 

rH M 

u 

3 

05 

Ll 

'H 

05 44 C 

Eh 

05 

c 

3 

at 

(0 

05 

05 44 

C, 

<44 3 

O 


3 

o 

14 

> 

at 

C 

•H C 

o 

O 

at at o 

• 

at 

•H 

44 

at • 

05 

to 

•H 

14 

to 

43 > 

05 

05 

44 

01 

XJ c 

at 


43 o a i- 4 J 
a> cj a Oj at c 


o 

hj 

05 

XJ 

at 


Ll 

<o at 


at xj 01 


(tS 43 
E 


O 

c 

H 

-u at 
c XJ 


a Si 
c 

at 

§ XJ 

o 

E C 


4J (0 XJ 

a c 

>i to 

to a 
3 -H O' 
at c 

a* x -h 

43 rH 

44 xj oj 

-I XJ 


to 
u 
C 3 
(0 Ol 


Li 

O X) 

05 

c 

at -h 

05 05 04 
Li C 
C 0 
4J CJ 


X 

rH 

o 

Ll 


O t-l 

>1 ’H 

cn oj ki 
o at at 


■XJ 

c 

to to at 


4 J r— I — H -C 

c o a-u 


o c 

o 43 

o 

X3 05 


E 
O 

O <4-1 


w 

at Q at 

o 

•H 

44 J o 


a u 

1H 

at 44 Li 


z 

CUE 

E 

C 04 

a o E 

05 

-u 

Ol 

44 . H 05 



x at 


*H O 

o £ 

u 

CJ XJ 


(0 <4 at 44 


1 

44 P rH 

at 

s 

CJ 

o 

<o c 

c 

LHXJH 


1 

10 H at 

43 

c 

44 0 J -W 

44 

(0 

Oi 

0104 44 3 



43 

44 

at o 

£3 -h e 

10 

04 

•H 

at -h oi 


CQ 

44 at 


43 *rt 

•H 43 (0 

3 

O £3 

03 

oj u u at 


Z 

C 44 

c 

44 44 

O Eh C 

44 

0 

at 

£3 at O Li 


O 

£3 Ol'H 

o 

o 

Oi >i 

CJ 

C -H XJ 

•h Oi oh 


H 

O >H C 


o> at 

XI 

<0 

O 


05 43 


gH 

•n 05 -H 

XJ 

C rH 

0 • 


*H ra 

at 

li at 44 


o 

44 01 OH 

at 

•H at 

oj at - 

O' 44 rH 43 

o atH-H 


M 

05 P 

05 

44 05 

H U 01 

c 

(0 o 

4J 

OH 44 a > 


« 

at oh 

2 

(0 

fl CH 

•H 

CJ 05 


io xj 


W 

3 rH o 

cj at 

(0 to 

44 

O -H 

c 

Oi o at xd 


a 

O’ 0 


O 43 

>1 S ’H 

ITJ rH 

•H 

10 -H 43 at 



U Ll 

CtJEn 

QUO 

u 

■b 


B XJ o c 


D 

rH 44 05 

Ol 


s o at 

O rH C 

05 

XJ C 05 -r| 


u 

3 a 43 

•H 

• 

0H 44 

rH 

(0 O 

t-l 

to -H 43 

• 


Oh 0 E 

»JJ 

>i 

05 U (0 


E -H 

O 

o at E 

05 

c 

at u a 

at 

at to 

44 at E 

XJ 

**H 44 

05 

Li XJ 43 O 

at 

Pm 

CQ c 

XJ 

o 3 

C Ol 

c 

44 O 

£3 

rH 44 CJ 

> 

CQ 

3 XJ 

c 

•H *• 

<0 

Oi at 

at 

>1 3 

■H 


C B rH 

10 rH 

O rH at 


O 44 

05 

oi o xj at 44 

s 

>1 to 3 

o 

E <0 

Ol O 1-1 

Ol 

at 


O 43 c 43 

O 


to E 

M 

Ll E 

>H 3 

c 

at X 3 xj 

r-H 05 (0 

at 

w 

at Ol-rH 

44 

O *H 

at 44 44 

•H 

44 

c 

O iH 

•PH 


> c c 

c 

OH 44 

XJ c o 

44 

to at 

to 

£3 Ot 01 rH 43 

p 

*H **H 

o 

Ll Ul 

0 0 3 

O 

in 43 


43 (0 rH -H 

O 

Eh 

<0 rH g 

o 

at o 

C U O 

at 

0144 

01 

CJ E 3 3 

B 

D 

at 

Oi 

44 

rH 

at 

Li 

at x3 o 

fib 

'u xt at 

(0 

c 

at oi 

at 

44 Ul 

O 

44 to Ol 05 

Li 


cox; 

(0 E 44 44 


XJ t0 

at 


to M c • 


to 

4J 

c 


o at 43 -h 

'H 41 41 


<0 

CJ 43 XJ 


05 

at at 


c 

at 

> 


XJ 43 
at 44 144 
44 O 

to at 


c *H 


u 

o 


> 

0 

u 

01 05 


- at 

■H XJ t 0 
a 


(0 


o 

05 U 


05 44 

c u 


3 I 


<0 

Ol 


Oi at at oi oi 

O 43 4) at c 

' i u o 

Ol 1 — I 

c o 


at 

> 


E >1 rH 

a at xj xj 

>i E at 

£3 

o 

£3 

at • o cj w 


10 P 

05 43 

rH -H XJ 

•H 

Oi 05 

■H 

XJ 0 } rH x o 


xj at 

44 at at 

rH 


01 rH 

c 

•h p -n 


£3 XJ C 

- 43 O 

10 O XJ 

o 

44 (0 

o 

XJ 05 at M 1 ? 


3 at o 

at o' c 

E 44 at 

0 J 

05 

•H 

rH >1 > E 

* 

OH 44 

Li c o to 

•rH 44 

rH 

44 

44 

3 rH at ^ 


(0 £3 

3 -H 44 g 

44 XJ (0 

(0 

rH 05 

o 

o to -h o at 


at li tig 

44 c Ll 

Ol at Ll 


t 0 3 

£3 

43 £3 -C 43 > 


Li O' CJ 

UH (0 O 

O Oi O' 

a 

U E 

3 

ca io cj at 


o at 

3 (0 XJ 04 

c at 

u 

•H 

04 

to 3 *H 


S -3 3 

Ll 44 Ot Ll 

at to 44 

£ 

oi at 

rH 

P XJ O 43 

l" 

c o 

o 43 at at 

43 43 C 

P 

O £3 

to 

Ol C O 43 CJ 

I 

< w ttj 

05 O C Oi 

Eh O -H 

M 

rH O 

S 

1-3 (0 4 J 05 10 

1 


21 


HR 



FUTURE RESEACH DIRECTIONS — NEAR TERM 




22 


TECHNOLOGY ROADMAP 



FUTURE RESEARCH DIRECTIONS — LONG TERM 









ca 


44 







u 


14 







01 

01 

01 01 







45 

u 

c a 







O 

3 B 

X 




u 


u 

IH 

44 U 

G 01 




•H 

ai 

•W 

(CJ 

O Q1 

O 




B 

xz 

s 

01 

3 44 

C 




f3 

4-1 

ra 

ca 

14 

XJ ITJ 

01 04 


c 


G 

01 

44 CJi 01 

45 

o 


>1 O' 

>1 H 

ca c 

ca - 

44 



XJ 

c 

XJ 


O 

(CJ u 


44 



•H 


u 

CJ fH X) CJ 

01 

c 


ns 

& 

X} 

01 

45 

44 

ca 

01 


<v 

o 

01 

45 

44 14 

>1 (O 

3 

0 


44 

rH 

4-1 

4J 

O 

44 

ra 

a 


(0 

01 

<0 

o 

ca ( 


u 

o 


u 

> 

H 


QJ (CJ rH 

0) rH 


O’ 01 

O' OH 

N 0 

*H • 

43 

01 


0) XJ 

0) 

o 

•H 

43 >i 


> 


44 


4-1 


S 44 

(CJ O' 

•» 

01 


C 

c 

c 

ca 

•h ca 

a o 

ca xj 


♦H 

•H 

H 

44 

44 ku 

(CJ rH 

ca 






rH 

(2<-H 

a o 

oi 

01 


<0 

01 

C 

3 

O 44 

c 

u xz 


44 

rH 

•H 

ca 


G 45 

o 

44 


•H 

o 


01 

>1 01 

O' <J 

14 




IH 

45 

u 

H 45 

<H 01 

a B 


c 


O 


CO EH 

ta 44 


O 


•H 

>1 

14 

45 

3 

01 

G 

14 



0) 

<0 

44 

O 

XJ 0) 

O 04 


XJ M 

01 

•H 

01 • 

U 

•H 



01 

• 

ca 

J 

C CTJ « 

44 

01 


amui 

ai 


<cj o' 0) s 

(d 

0 


0 

CO 

H 

CO 

44 *H 

XS 44 

N 

o 


rH 

0) J 


44 

rH ca 

•H 44 

*H 

o 


01 

6 

4-1 

rH 

3 01 

nj O 

0 44 


> 

D U 

£ 

3 

g t) 

ca 

•H 

3 


oi 

ca o 

01 

CO 

•H 

lH 

44 

o 


XJ 

(0 04 

w 

ai 

CO rH 

01 XJ 

Or 




<d 

14 

in 

O 

44 U 

O rH 


(0 

CD 

3 


45 U 

3 (CJ 


id 


44 XJ 01 

o 

01 

O 44 

ax» 

c 

CJ 


0= 

C 3 


ca 

•H G 

B C 

O' ‘H 


O' <d O' 

O' 01 

45 O 

o icj 

■H 

O' 


♦H 

•H 

C 45 

> O 

O 44 

ca 

0 


M 45 C 

■H 

44 


ca 

0) 

rH 


C 

U 44 

3 


•» 01 

«j 

XJ 




U O 

C 

O' 0) 45 

TO 


Id 



fl 01 

*H 

c 

O' 44 

04 C 

01 


¥ 

ai 

01 44 

44 

•H 

(CJ 

o ia 43 

ca 

>< 

43 

M 

G 

C J* XJ 


44 

•H 44 

JJ 

ai ca 

O 

•H 

CJ C 

44 ca 



•H 


U **H 

C4 jQ 


C B XJ 

0 rH 

oh 

CQ 


s 

0) 45 

•H 

01 

•H 

0 

C >1 


o 

O' 

B 44 


44 43 


OlH 

42 

o 

C G 

Q< ‘H 


ca 

<u 

01 

•H (d 



O' *H 

o u 

O 

>i a 

O' m c 

XJ 

XJ 

<H rH 

rH O 44 

ca 

id 

(0 

01 (0 

01 

G 

CO 01 

01 O' 



o 

-w 

XJ 

45 

(CJ 

01 XJ 

>HO 

44 


c 

XJ 

ca 


TO O 

oi (d 

01 

14 

c 

ia 

rH G 

•H 

rH 

a xj 

X3 

01 

O' 

> 

0 fO 

rH 

O XJ 

Ul XJ 

a 

•r-i 

XJ 

u 

Cu U 

01 CJ 

01 -H 

(d 

X 

ca 

aj 

44 G 

s 

44 XJ -H jC CO 


01 

01 


C O' 

0 

c 

•H B 44 >h 01 


XJ 

01 

0 -H 

o 

o 

(CJ ICJ 

rH JJ 

c 


4C 

0 ca 

CJ 

o 

c 

01 (d 


(d XJ 

Id 

01 

id 


u > 1 42 G XJ 


ai 

44 

XJ (O 


XJ 

0J XJ 

Id rH 04 XJ 


G 

be 

G 44 

XJ 

3 

o 

•H 

XJ 

(0 XJ 

(Cl 

3 ■* 

rH XJ 

O 


(d 

rH 

01 



a c a 

3 C 45 

c 


a 

O' 4-1 

c 

O' 

B M 

O (d 

ca 

o 

u 

o 

C (0 

<d 

c 

O id 

45 


*H 

01 

,g 

■H U 

o 

*H 

CJ *H 

ca c 

0 44 

44 

Ul 

rH O' 


rH 

IH 

O' 0J 

3 

3 


01 111 

ca 

01 

(0 01 

r-H *H 

44 rH 

CU 

►4 

XJ 4-1 

•H 

XJ 

44 

id ca 

ca 

O 

B 

a. 

O C 

45 

O 

C (0 

o oi 

>1 > 

O 

t-D 

S -H 

Eh 

a 

•H B 

o>xj 

ca 

01 

CJ 


(X 

I 


I 


\ 


23 


u 


TEXTRON 



FUTURE RESEARCH DIRECTIONS — LONG TERM 



24 


HR 




O 


H 

l 



0 ) 

41 

Xl - 


O 


rH 



* 

a 

4> 

(0 

Xl 01 


44 tyi 


ID • 



01 


41 Xl 

rH 


>i C X 


cn a Xl 



rH 

XI 

Xl 

41 ID 


41 I-H 01 -H O 


C "H c 



XJ XI 

ID 

XI XI 

> **4 


3 C C 41 01 

• 

•H Xl 41 



O X 

44 

•H 

i — 1 X 


X3 O O XJ 01 

(13 

rH a a 



X 01 

■H 

44 

O Hi 


Oi C 41 

a 

41 O 41 



a a 

a 

O *-44 

01 4J 


• xj ro cn o; oi ix 

41 

ID X 01 



XJ X 

01 

a o 

ID 


44 (D 01 >H *H 6 O H 

O C *H *H 



Xl 41 41 


cn oi 

o e 


3 3; oi O )4 XJ 

a id a 


G 

4) X) 

44 

C «H 41 

XI 


xj cn oi c oi Oi 

O 

ct-h 


O' 44 "H C 

O 01 

■H rtj X 

- 


C 0) X3 O' 

X 

O c 01 41 


•H 

(D iD ID 

C XH (D 

X i) 


- X -H CJ -H XJ • 

a 

*H 'rl M XJ 


0 ] 

X 

XI 

01 

01 x 


EOixijxrHoiai'o 


a o 


01 

Cn x xi 

Cfl 

XJ • CD a 


(Dhqooiuch 

X 

iD 03 01 a 


T3 

01 41 O 

•H 43 

o 6 o 

X XI 


HHOCuUD’HO 

ID 

G XI O 



44 44 

xl 

E 41 *x 

o o 


43 .D rH 44 ID -H 

rH 

>i c c o 


T3 

C 3 44 

S *H 

XI xi 

3 


OS X C rH rJ 04 

•H 

ID *H ID *H 


01 

•h a c 

aj s 

O 01 o 

C x 


x ihih o ox 

a 

o a a 


,'J 

a ai 

XI 

•H ^ 41 

•rH 4-1 


a x < o x o oi 

«H 

'o a x id 


D 

>iO a 

01 01 

B UH 

01 


>1 ID \ 44 -H 

01 

0 ) o c 


X 

rH CJ a 

>1 4) 

ID 41 

— 


01 C 01 01 C 01 43 


44 01 IXI >H 


O' rH o 

oi xi 

C rH W 

0 ] 144 


43IDC43XOID44 

Cn 

ID 'O X X3 


01 

ID UH H 

o 

>t O 

3 O 


44 a O 44 3 CJ 43 

G 

X O 01 


XI 

XJ O 41 

r-t B <0 UHX 


•H XI C 

•H 

O' c a x 


c 

o > 

o 

xj id eh e 


XOJX'DO'OB'H 

rH 

01 01 


•H 

rH XI 41 

H rH 

41 C .H 

01 


O XI ID C 3 c >D 

J* 

xi oi a a 



cn c xj 

44 <0 43 0 X 

rH 


•H X ID X iD 01 43 

U 

G G 41 O 


01 

41 

C Xl 

Xl O 41 

• Xl 


01 O 44 44 CJ 

(0 

•H *H > X 


43 

4) B 41 

O 3 

Xl 

e o 


X O ft * IS OI X 

XI 

xi -h a 


44 

43 a 43 

u xi xj xi m 

01 X 


3 X) X E C < ID 


41 ID cn 



44 O 44 

cj 

id oi a 

rH Qj 


X C O IICDh J OI 

41 

43 CJ (D 


G 

i-* 

m ax a 

XJ 


iUhuhhihUu) 

X 

44 O ID 


•H 

41 41 >i 

CJ Xl 

XI O T3 

O T3 


G Xl Xl 41 D 4) 

ID 

rH 44 



> > XJ 

C xi 

X c 

X 01 


O' 4) O <D XJ 'n X 


C X ID 


43 

rH 01 

ID 00 

X) 04 ID 

OiXJ 


44 C CJ X X O C 

>i 

him ox 


O 

0X3X3 

e 

41 

ID 


G-HiuOiEnaoiH 

XI 

O 4H 44 


X 

CO 41 

X Xl 

Xi (D 41 

rH X 


41 JX Oi 41 X 41 

"rH 

43 


ID 

0 ) » 

o o 

ID X 

o cn 


TDO01CXJOXJ43 

03 

CJ 8 rH C 


01 

O 43 O 

4-1 

X O' 3 

X 41 


COOtnC-HXXl 

X 

X 41 41 > 


cn 

44 44 rH 

X C 

XI C X) 

4J 4-1 


SI rH 4 -H *H a 41 X 

41 

(0 rH •■a O 


01 

fH 

4i o 

Ifl-H u 

c c 


Oh 41 03 ID Eh 3 

> 

4) XJ O 43 


X 

S 41 O 
ID 42 <xi 

C4-H 

C C 3 

O -H 


41 01 41 4) C 44 

•H 

oi o e oi 



Xl 

0 >H X 

CJ 


iQ X X3 Xl >i« 

c 

41 X 


cn x 

43 cj 

a id xi 

41 

• 

X ID XI XI XJ £3 :nD 

x a o g 


G 

O' XI 41 

O' n] 

01 XI 01 

01 43 

G 

41 (D r4 's, G 

XI >, O 44 44 (4 -H 


•H 41 


•H 

O rH 4J 

•H X 

XJ XJ 

43 xl 

cn 

41 

41 a> a 4J 

• 

3 

X 3 

43 41 

O (D 

4J 

•H 

C4101XOOP43 

3 

3 JG ID XJ rH 

01 

a O X3 

XI 


41 

0 ] 

•H Xl X 44 h C 

T3 

C X) c 

O 

X 

43 >H C 

ID C 

rH C 44 

41 > 

41 

44 41 C >1 B *H 

X 

■H >,01 

X 

3 

ID 01 3 O 

iH 

XHO 

O rH XI 

41 43 O 'O 41 41 x> 

3 

44 >iT3 ID 44 

a 

O -H 

O' 

(D 

3 O 


43 - U CJ 3 rH 43 C 

Pi 

C rH 43 

c 


44 rH 43 XI 

c O 

01 41 G T> 01 r-l 

XI E X 44 XJ 64 O 


O rH X 

o 

c 

X ID 0} ID 

•H X 

rH 3 DO 41 

O 

a (D 43 CO o o 

44 

O ID 41 44 

o 

■H 

O O N 

C 41 

U 01 -H 

X o 

X 

DH 41 C W 

(D 

•H a*rH 



a o' >i*h 

an > 

k ta 

4-1 

44 

4J XJ ca m (D Oi • 01 


O CJ O 

X 

31 

a oi a 

•H 4) 

C-H SI 

G 

C 

N O 41 XI tH 

03 

44 41 X 41 

(11 

rH 

3 B 43 -rl 

01 0] 

41 43 

ID tQ 

O 

•h X X 01 CHX3 PM 

X 

a a co 

a 

O 

oi x EH Xl 

41 

41 iH 

O ID 

CJ 

C Oi X G 41 >3 XJ 

41 

>0 01 3 

o 

X 

oi a 

XJ 41 

XJ ID X 

43 


cn «* 3 -H 44 c 

M 

Pi 0) ID (D 

X 


X3 44 O 

43 

CJ 41 

>1 

xs 

O 41 41 44 44 iD^hID 

X 

•3 CJ 

a 

>trl 1 • 

4-1 XI 

ui -r( a 41 41 

c 

O jC H O ID X XJ 

O 

-lO 01 


01 

3 O' 01 3 

o 

ID xl O 43 C 

ID 

ai xi Oi 3 -h cn oi 

> 

x a ih xj 

c 

4* 

o c a o' 

44 

Xl -H X 

XI O 


x R X 44 41 <13 44 

o 

O 41 01 

■H 


Xl O <D -H 

>1 o 

x Oi 


** 

04 ID 44 *H 44 41 rH 

CJ 

X4 H -H xl 

ID 

ID 

cn rH x oi 

ID 

XI O 

41 *• 

cn 

41OX03GC33 


XJ >H C 

44 


O' 01 

5 01 

H Xl 

o a 

G 

> 41 -H -H 01 0) 

01 

44 O ID XJ 

S^ro X O TJ 

0 } 

ID <D 

C 41 

•H 

ID >i XJ X 41 

•H 

G X rH 44 

o 

ID 

G O X 

i-H 3 

43 

•H rH 

rH 

43XIX4I01413X 

43 

IB CiiH M 


rH 

iD -n aX3 

ID 10 

• 00 XI 

01 43 

41 

•H O 44 -H xi Oi 


44 -HO 

0 

a 

ID -H 

0 o 

X ’H 

O XJ 

01 X C*i id Eh Cm3 

X rH a a 44 


a cn id 

fH 4J 

O C 

41 U 

O 

X 41 X >H >, C 

C 

o o a 


XJ 

cn c 

U XJ 

Xl 41 J 

U Oi 6 

41 rH Cn M rH *H 

ID 

a X 43 *H 

>1 

rH 

041H O 

00 

ig oo 

G 


X! a • 41 O • 01 xi 


a xj o 

X 

3 

rH CQ X 44 

ID C/J 

01 3 43 

ID rH 

o 

CJ E 0J 44 44 E 3 01 

C 

•H C H ffl 

ID 

O 

OX4) 

-H C/J 

C xi cn 

44 O 

•H 

X0XJG1D41041 

O 

O 43 -H 

cn 

43 

X3 -H 41 a 

CJ X) 

41 CJ 

X X 

s 

ID O Ol'rHXrHXX 

44 

01 CJ 3: 

m 

01 

OX C SI 


Oi 3 C 

O XI 

ID 

41 03 O XJ O 41 

rH 

•h cn 

01 


43 -H 44 

41 X 

a x oi 

Oi G 

G 

01 41 XJ 01 XJ O 0144 

41 

TJ >i-H 

CJ 

X3 

44 41 O' 01 

43 o 

O XI 41 

E O 

>1 

41 X 3 f O X'HG 

•X 

44 c ID 43 

01 

CM 

4) 43 G >i 

Eh 44 

U to XJ 

•H CJ 

XJ 

PJ440344XIO|X-H 

w 

M (D 9 Eh 

c 

CO 

8 Eh 41 00 


a 

i 


25 



SUMMARY 




O 


o o 


o 


26 


HR 




